Dear Editor
Transcranial direct current stimulation (tDCS) is a non-invasive tool for inducing cortical excitability changes [1] . Numerous studies have investigated the effects of tDCS over the primary motor cortex (M1) for exploring mechanisms underlying cortical plasticity and motor functions of the limbs. However, little is known about the effects of tDCS on the tongue region. Here, we investigated the effects of anodal tDCS over the bilateral tongue M1 representation relative to those of unilateral anodal tDCS on tongue region cortical excitability and tongue and jaw motor functions.
Fifteen healthy volunteers (11 men; mean age, 24.5 years) participated in this randomized, double-blind, sham-controlled, crossover study. Participants provided written informed consent; procedures were approved by the local ethics committee. Three sessions of either anodal tDCS over both hemispheres (bi-tDCS), anodal tDCS over the left hemisphere (lt-tDCS), or sham stimulation were performed with an inter-session interval of at least 7 days for each subject. tDCS was applied for 20 min with a StarStim stimulator (Neuroelectrics, Barcelona, Spain) using two 24-cm 2 target electrodes and one 72-cm 2 return electrode. Target electrodes were placed over the tongue muscle "hotspot" region; return electrode was placed over the forehead. Bi-tDCS session current intensity was 2 mA (0.0833 mA/cm 2 ) and 4 mA for the target and return electrodes, respectively. Lt-tDCS session current intensity of both electrodes was 2 mA.
Motor-evoked potentials (MEPs) were recorded from both tongue sides before, and immediately, 30 min, and 60 min after tDCS via transcranial magnetic stimulation (TMS) over the tongue motor cortex; bipolar surface electromyographic (EMG) signals were similarly recorded using disposable surface electrodes (Vitrode V, Nihon Kohden, Tokyo, Japan). Thirty single-pulse MEP trials were collected with 120% resting motor threshold (rMT) intensity. Maximum tongue and bite forces from each jaw were evaluated with a tongue pressure device (TPM-01, JMS, Hiroshima, Japan) and an occlusal force meter (GM10, Nagano Keiki, Tokyo, Japan), respectively.
The Kolmogorov-Smirnov test demonstrated normal distribution of the data. To exclude baseline differences between sessions for rMT, MEP amplitude, and tongue and bite force values, oneway repeated-measures analysis of variance (ANOVA) was conducted. To explore the effects of intervention, respective repeated measures ANOVAs were calculated for baseline-normalized MEPs (factors: time, intervention, hemispheres, and tongue sides), tongue force (time and intervention), and bite force (time, intervention, and jaw sides). After performing Mauchly's sphericity test, we applied the Greenhouse-Geisser correction when necessary. For significant results, post hoc paired t-tests with Bonferroni correction were conducted (P < 0.05). Data are expressed as the mean ± standard error of mean.
ANOVA results showed no significant differences for baseline rMT (62.6 ± 1.0%), MEP amplitude (0.26 ± 0.01 mV), and tongue force (34.8 ± 1.2 kPa) and bite force values (464.3 ± 14.1 N). ANOVA conducted for intervention effects on MEP revealed significant main effects of intervention, time, and hemisphere; significant interactions were identified for intervention and hemisphere, intervention and time, and intervention, time, and hemisphere. Post hoc comparisons relative to sham values revealed that for TMS over the left tongue M1, bi-tDCS caused significant contralateral MEP amplitude elevations immediately and 30 min after bi-tDCS ( Fig. 1[A], 1 [B]a) and of ipsilateral MEP amplitudes 30 min after bi-tDCS. For TMS over the right tongue M1, bi-tDCS resulted in bilateral MEP amplitude elevations immediately after tDCS and contralateral MEP amplitude elevations 30 min after tDCS. For lt-tDCS, TMS over the left tongue M1 representation significantly elevated contralateral MEP amplitudes immediately after tDCS and bilateral MEP amplitudes 30 min after tDCS, relative to sham values. MEP amplitudes elicited by TMS over the right tongue M1 showed no significant differences ( Fig. 1[B] 
b).
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The ANOVAs furthermore revealed a significant main effect of tDCS intervention on normalized tongue force, and of tDCS intervention and time of stimulation on normalized bite force. Post hoc analyses revealed that, relative to sham values, tongue force increased significantly 30 min after bi-tDCS but showed no significant difference immediately and 60 min after bi-tDCS ( Fig. 1[C] ). Tongue force did not differ significantly between lt-tDCS and sham treatment. Post hoc analyses also revealed that, relative to sham treatment, bi-tDCS or lt-tDCS did not induce significant elevations of bite force on either jaw side.
This study demonstrates that anodal tDCS over the tongue M1 with a current density of 0.0833 mA/cm 2 facilitates cortical excitability. Kothari et al. reported no increase of tongue MEPs after anodal tDCS over the left tongue M1 with a comparatively lower current density (0.0429 mA/cm 2 ) [2] . The excitability-enhancing effect of tDCS might thus critically depend on current density; this is substantiated by another study where anodal tDCS over the adjacent pharyngeal M1 (current density 0.0400 mA/cm 2 ) showed no effect on pharyngeal M1 excitability, while stimulation with 0.0600 mA/cm 2 enhanced cortical excitability [3] . Efficient current density for the tongue area seems to be relatively larger than that for finger muscle representations (0.0285 mA/cm 2 ) [4] , probably caused by the surface-distant location of that area.
Here, selectively bilateral anodal tDCS, but not left anodal tDCS, over the tongue M1 representation significantly enhanced the magnitude of tongue force, as compared to sham stimulation. Swallowing functions also improved significantly after 10 consecutive 10-Hz repetitive TMS sessions over the bilateral mylohyoid M1 representation area, but not after otherwise identical unilateral stimulation [5] . Magnetoencephalography and functional magnetic resonance studies report the absence of dominant hemisphere for tongue cortical representations during simple tongue movement tasks [6e10]. Therefore, bilateral anodal tDCS of the tongue M1 representation might have had additive effects on the maximum tongue force magnitude, compared to unilateral stimulation, via activation of the respective target muscles by contra-and ipsilateral stimulation. Anodal tDCS over the bilateral and left hemispheres, however, did not enhance the maximum bite force magnitude. This may be due to the relatively small size of the tDCS electrode, which might have been insufficient to induce relevant jaw M1 excitability enhancement.
In conclusion, bilateral anodal tDCS over the tongue M1 representation is an effective and feasible approach for inducing cortical excitability enhancement of the bilateral tongue M1 and improving tongue motor functions.
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